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!Sunmwy--A simple but accurate potentiometric method for the estimation of certain sulphur containing 
organic compounds has been developed, based on their oxidation with I-chlorobenzotriazole. A 
back-titration procedure can also be used. The nature of oxidation in different media is discussed and the 
oxidation products have been identified. 
Thioureas find extensive application in rubber 
vulcanization, electrodeposition and corrosion 
inhibition of metals, photography, polymers, 
textiles and agriculture. Dithiocarbamates and 
thioamides are well known analytical reagents. 
Methionine is one of the essential amino acids 
present in a large number of biological systems. 
A review of the literature reveals the use of a few 
procedures for the assay of thioureas,’ dithio- 
carbamates,2 thioamides3 and methionines4 
However, these methods have limitations due to 
time consumption, narrow range of developed 
experimental conditions and in some cases over 
oxidation of red&ants. 
Recently, 1 -chlorobenzotriazole (1 CBT), an 
N-halogen0 compound, has attracted the atten- 
tion of organic chemists as a novel organic 
reagent in organic synthesis because of its reac- 
tivity towards a number of functional groups.’ 
However, its analytical application is scarce. 
As part of our investigations of potential oxi- 
dative reagents, we have studied its utility as an 
analytical reagent for the assay of a few indus- 
trially important organic compounds.6*7 In this 
communication we report titrimetric procedures 
for the assay of thiourea (TU), allylthiourea 
(ATU), phenylthiourea (PTU), tolythiourea 
(TTU), thioacetamide (TA), thiobenzamide 
(TB), diethyldithiocarbamate (DDC), ethyl- 
phenyldithiocarbamate (EPDC), diisopropy- 
ldithiocarbamate (DIDC) and methionine (Met) 
with CBT. 
EXPERIMENTAL 
CBT was prepared by the method of Johnson 
et al.’ and recrystallized (m.p. 105.0-106.0 f 
*Author for correspondence. 
0.1’) from dichloromethane. Its purity was 
checked (>99%) by the iodometric method. 
The sulphur compounds (Sigma or Aldrich, 
U.S.A.) were used after purification with suit- 
able solvents. Comparative assay of these com- 
pounds showed acceptable purity (>99%). 
Solutions were prepared from analytical reagent 
grade chemicals and distilled water. The exper- 
iments were repeated to check reproducibility. 
The detailed procedures for preliminary studies, 
back titration and potentiometric titration are 
similar to those described earlier.‘j 
The rate of oxidation at different tempera- 
tures and pH values prior to back titration 
are depicted in Fig. 1. Oxidation reactions 
are reproducible in 0. 1M sodium hydroxide 
with stoichiometries of 1:4 for thioureas and 
thioamides, and 1: 6 and 1: 8 for methionine and 
dithiocarbamates, respectively (Table 1). Hence, 
O.lM sodium hydroxide is used for the analysis. 
Back-titration. Prepare accurately a solution 
containing about 1 mg/ml of the sulphur 
compound. Add an aliquot of this solution to 
50.00 ml of 2 x 10W3M CBT solution in an 
iodine flask. Add enough sodium hydroxide to 
obtain the required concentration (0.N). Set 
the reaction mixture aside at 30” for 15-20 min 
(40 min for PTU) and shake at intervals. Add 
25.0 ml of l.OM sulphuric acid and 5.00 ml of 
2% (w/v) KI solution and titrate with standard 
thiosulphate solution (1 x 10M3M) to a starch 
end-point. Run a blank under the same con- 
ditions. The amount of sulphur compound in 
the solution (“A mg) is given by the equation, 
x= MY(V,- Vi) 
E 
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Fig. 1. Rate of oxidation of phenylthiourea under different conditions. [CBT] = 2 x 10m3M, mv] = 
1 x lO_‘M. 
where A4 is the molecular weight of the sulphur 
compound, Y the molarity of the sodium thio- 
sulphate solution, E is the number of electrons 
per mole of sulphur compound, V, ml is the blank 
titre and V, ml is the sample titre, respectively. 
Potentiometric titration 
During potentiometric titration the change 
in potential at the end-point on addition of 
0.1 ml of 2.0 x lo-‘M CBT was appreciable 
(So-120 mV) and reproducible in the pH range 
l-5 (Fig. 2. The number of electrons involved in 
the stoichiometric reactions depends on the 
nature of the reductant and the medium (Table 
2). In buffer solution of pH 5.0, it is 6 for TU 
and ATU, 4 for RTU and TTU, 5 for TA and 
TB, and 2 for Met. 
in Table 3. The present method (especially the 
potentiometric method) seems to be superior to 
the back-titration method. 
The four-electron stoichiometry obtained for 
oxidation of Met in 0.1 M perchloric acid can be 
represented by equation 1. 
CH,-S-(CH2)2 CH(NHJ COOH 
+ 2RNCl + 2H20 
+CHr-SO2 (CH2)2CH(NH2)COOH 
+ 2RNH + 2HCl (1) 
The respective 1: 1, 1: 2, 1: 3,2 : 5 stoichiometr- 
ies for the oxidation of Met, arylthioureas, 
alkylthioureas and thioamides with CBT in pH 
5 buffer can be represented by equations (2) to (5). 
CH, S(CH,)r CH(NHr)COOH 
RESULTS AND DISCUSSION 
Some of the results obtained during back- 
titration and potentiometric titration are given 
+RNCl+H20 
+CHrSO(CH2)&H(NH,)COOH 
+ RNH + HCl (2) 
Table 1. Extent of oxidation of thioureas, thioamides, dithiocarbamates and methionine 
(1 x 10-‘&f) in different media (buffers, acid and base) with excess of I-chlorobenzotri- 
axole (2 x lo-‘M) (back-titration) 
Medium TU ATU PTU TTU TA TB Met DDC EPDC DIDC 
0. 1M HClO, 
O.OlM HCIO, 
PH 3 
PH 4 
PH 5 
PH 6 
PH 7 
PH 8 
pH 9 
1.10 1.52 1.55 1.68 1.70 1.72 2.05 
1.15 1.60 1.85 1.70 2.00 2.02 2.00 
1.20 1.73 2.20 2.25 2.30 2.15 2.66 
2.30 2.55 2.31 2.35 2.50 2.43 2.75 
2.65 2.96 2.50 2.56 2.50 2.50 3.10 
2.70 3.05 2.55 2.58 2.87 2.80 3.15 
3.72 3.80 3.50 3.55 3.46 3.31 3.30 
3.90 3.85 3.68 3.72 3.50 3.46 3.86 6.05 5.90 6.11 
3.92 3.90 3.65 3.75 3.51 3.42 4.80 6.21 6.00 6.35 
3.94 3.91 3.70 3.80 3.90 3.78 4.85 7.30 7.10 7.50 
3.95 3.99 3.80 3.89 3.98 3.88 6.01 7.80 7.50 7.90 
4.00 4.05 3.98 3.99 4.00 4.01 6.00 8.00 8.01 7.99 
pH 10 
O.OlM NaOH 
O.lM NaOH 
mmols CBT/mmoles reductant 
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Fig. 2. Variation of AE/AV us volume of CBT under 
different conditions. [Reductant] = 1 mg/lO ml. Tempera- 
ture = 30”. 
R’NHCSNH, + 2RNCl+ 2H,O 
-+R’NHCSOIHNH + 2RNH + 2HC1 (3) 
R’NHCSNHI + 3RNCl+ 3Hz 0 
+R’NHCS03 HNH + 3RNH + 3HCl (4) 
2R”CSNHz + SRNCl + 8Hz0 
+2R”COOH + SRNH + 2NH,+ 
+ SO:- + 5Cl- + 5H+ + S (5) 
The 1:4 (thioureas and thioamides), 1: 6 
(Met) and 1: 8 (dithiocarbamates) toichiometry 
in O.lM sodium hydroxide can be represented 
by equations (6) to (9). 
R’NHCSNH2 + 4RNCl+ 60H - 
+ R’NHCONH, + 4RNH + SO:- 
+ 4Cl- + H,O (6) 
R”CSNH2 + 4RNCl+ 60H- 
+R”COOH + 4RNH + SO;- 
+ 4Cl- + NH3 (7) 
CHj S(CH,), CH(NH,)COOH 
+ 6RNCl+ 7 OH- 
+HCHO 
+ -03 S(CH,),CN + CO* + 6RNI-I 
+ 6Cl- + 3HrO 
R, S 
‘Nk- + 8RNCI + 120H- 
(8) 
R’ z 
RI 0 
\N II + CO- + 8RNH + 8Cl- 
R’ 2 
+ 2SOj- + 2H20 (9) 
where; R==C,H,N, for CBT and lH-benzotria- 
zole (BTA); R-H for TU, CH2CH=CH2 for 
ATU, C,H, for PTU, CH3CbHS for TTU; 
R”=CH, for TA, C,H, for TB, R,=Rz=‘_C2HS 
for DDC, CH,CHCH, for DIDC and 
R,==C,H, for EPDC. 
The reaction products such as CH, SO(CH,), 
CH(NHr)COOHL3 [equation (211, CH3 SO2 
(CH2)2CH(NH2)COOH’4 [equation (1X 
R’ NHSOr CHNH” [equation (3)] R’ NHS03 
CHNHiS [equation (411, HCHO” [equation (811, 
R’NHCONH2 [equation (6)], R, R2NCOO-” 
[equation (9)] and -03S (CH2)2CN’6 [equation 
(8)J have been identified with standard pro- 
cedures. The carboxylic acids [equations (5) and 
(7)J have been identified by TLC (Rr 0.68) with 
toluene/dichloromethane/methanol(25 : 10 :1) as 
solvent, SO:- in the form of barium sulphate 
and NH3 with Nessler’s reagent. The UV spec- 
trum of one of the products (RNH) in methanol 
showed bands at 275,258 and 253 nm similar to 
those for 1Hbenzotriazole. 
Table 2. Extent of oxidation of thioureas, thioamides and methion- 
ine (1 x lo-‘M) in different media (buffers, acid and base) at 30” 
with I-CBT (2 x 10-‘&f) (Potentiometric titration) 
Medium 
mmoles CBT/mmoles reductant 
TU ATU E’fU ‘l-W TA TB Met 
0. 1M HCIO, 1.00 1.06 1.55 1.52 1.95 1.76 2.00 
O.OlM HClO, 1.06 1.21 1.51 1.50 2.00 1.98 1.80 
PH 3 2.48 2.50 1.46 1.43 2.26 2.30 1.36 
PH 4 2.90 2.13 1.49 1.45 2.40 2.33 1.20 
PH 5 3.00 3.01 2.00 2.00 2.50 2.50 1.00 
PH 6 3.06 3.11 2.00 2.06 2.87 2.58 1.01 
DH 7 3.46 3.66 2.50 2.65 3.48 3.35 1.11 
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Table 3. Estimation of thioureas, thioamides, dithiocarbamates and methionine with I-CBT 
at 30” 
Recovery, % 
Compound Present method* Comparison Reagent for comparison 
(OS-10 mg) Back titration Potentiometric method method 
TU 99.6 f 0.1 99.8 f 0.1 99.7 f 0.2 NaOFO 
ATU 99.5 + 0.2 99.7 + 0.1 98.8 f 0.1 NaOIiO 
PTU 98.4 f 0.3 98.6 + 0.2 98.2 f 0.3 Iodinei 
TTU 98.6 f 0.2 98.8 f 0.2 98.5 f 0.2 Iodinei 
TA 99.3 f 0.1 99.6 + 0.2 99.2 f 0.3 Chloramine-T’ 
TB 98.9 f 0.2 99.2 f 0.2 98.6 f 0.3 Chloramine-T3 
Met 99.7 * 0.1 99.9 _+ 0.1 99.6 & 0.1 Acetous perchloric acid” 
DDC 98.4 f 0.3 97.6 f 0.3 Iodinei 
EPDC 98.8 f 0.2 98.2 f 0.2 Hg(II)12 
DIDC 99.3 f 0.2 98.8 f 0.2 Hg(II)12 
*Mean f standard deviation of 10 determinations. 
From the detailed investigations of the above 
compounds, it was found that MgZ+, Ba’+, 
Zn’+, Cu2+, K+, Na +, PO:-, ClOi and SO:- 
had no effect on the rate of oxidation. [Chloride 
(>0.35 mg/ml) particularly in appreciably 
acidic media interferes in the estimation.] In the 
case of the back-titration procedure, the stoichi- 
ometry was unaffected by the reversal of the 
order of addition of CBT and reductant. l-CBT 
showed stoichiometric reactivity towards the 
reductants and also in many occasions behaved 
as a powerful oxidizing agent when compared to 
other similar N-halogen0 compounds like 
chloramine-T and chloramine-B. 
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